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S2
S1 CsPbBr3 NC synthesis and purification
The CsPbBr3 NC were synthesised according to De Roo et al.1 with modifications concerning
the purification and size-selective precipitation.
Chemicals – PbBr2 (Puratronic, 99.999 % metals basis), oleic acid (OA) (technical grade
90 %) and 1-octadecene (1-ODE) (technical grade 90 %) were purchased from Alfa Aesar.
Oleylamine (OLA) ( C18-content ± 80-90 %) was purchased from Acros Organics. n-hexane
(Ensure ACS, for analysis, > 99 %) and n-octane (for synthesis, > 99 %) were purchased from
Merck. CsCO3 (ReagentPlus, 99 %) was purchased from Sigma-Aldrich. Acetone (zuiver >
99.5 %) was purchased from Fiers.
Precursor preparation – Caesium oleate was preparated according to De Roo et al. and
stored in a nitrogen-filled glovebox.
NC synthesis and purification – 138 mg of PbBr2 is added to a 25 mL three-neck flask and
filled with 7.5 mL of 1-octadecene (1-ODE). Under stirring, this mixture is flushed with nitrogen
for about 20 min at 120 ◦C. Still under nitrogen atmosphere, 1 mL of both oleylamine (OLA)
and oleic acid (OA) are added, resulting in the dissolution of PbBr2. Next, the temperature is
raised to 180 ◦C and 0.8 mL of the preheated caesium-oleate precursor is injected and after 5
s the resulting turbid, yellow synthesis mixture is quenched by immersion into a ice bath.
The bright green but turbid mixture is centrifuged for 10 minutes at 4500 g (g = gravity of
Earth) and the resulting green supernatant is discarded. 1.6 mL of n-hexane is added to
disperse the precipitate, followed by a 5 minute centrifugation at 3500 g. Now, the precipitate
is discarded and the supernatant is diluted by adding 0.4 mL of n-hexane to yield a colloidally
stable dispersion.
To remove unreacted precursors and 1-ODE, the dispersion needs to be purified by precipi-
tation. Due to the highly dynamic nature of the system, an excess of OLA and OA needs to
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be added before addition of the non-solvent acetone to crash down the NCs. 75 µL of OLA
and OA are added to the previously obtained dispersion to reach of volume percentage of
3.75 (optimal range is 3-5 v%). Next, 2.5 mL of acetone is added, followed by a centrifuga-
tion at 3500 g for 3 minutes. This precipitation cycle is repeated three more times to yield a
pure NC dispersion, but with a large size dispersion. Importantly, a volume percentage of 3.75
is maintained for OLA and OA in the final redispersion to ensure chemical and colloidal stability.
Size selective precipitation – Since the dispersibility of NCs goes down with increasing size,
we can perform what is called a size-selective precipitation. Addition of a small amount of
acetone (100 to 200 µL) to the NC dispersion in n-hexane (V = 2 mL), results in the precipitation
of the biggest particles. By centrifugation (2 min, 3100 g) a first fraction can be separated
and redispersed in n-hexane. This procedure is then repeated on the supernatant and every
precipitation step yields particles with a smaller average diameter than one before. In this way,
the polydisperse synthesis mixture, in which the diameter ranges from approximately from 4
to 12 nm is split into distinct fractions with a lower size dispersion. A clear evidence of size
monodispersity is found in the occurence of sharp size-dependent excitonic features in the
absorption spectrum. No excess of ligands is added prior to the elemental analysis. However,
for long term storage, 3 v% of OLA can be added after redispersion in n-hexane or toluene.
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S2 Sizing curve
Size determination by TEM – Transmission electron microscopy images were recorded on a
Cs-corrected JEOL 2200-FS operated at 200 kV. Samples were drop casted from n-hexane on
copper grids. Sizing was done for at least 250 particles by calculating the rectangle-shaped
cross section in the TEM images from different areas on the grid. Some TEM micrographs of
purified dispersions are visualised in Figure S1, while the typical size histograms are plotted
in Figure S2.
d = 4.1 nm d = 5.1 nm d = 5.5 nm d = 6.5 nm d = 7.6 nm
d = 8.5 nm d = 9.0 nm d = 10.0 nm d = 10.3 nm d = 12.7 nm
10 nm 10 nm 10 nm 10 nm 10 nm
10 nm 10 nm 10 nm 10 nm 10 nm
PbBr2 NPsPbBr2 NPs
Figure S1: TEM micrograhs of CsPbBr3 NCs obtained by size-selective precipitation. For 9
to 10 nm-sized fractions PbBr2 nanoparticles coexist along the CsPbBr3 NCs,2 even after four
purification cycles. Therefore, these fractions were excluded from the elemental analysis.
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Figure S2: Size histograms of CsPbBr3 NCs. Mean value of gaussians distributions are used
to construct the sizing curve.
Band gap determination by absorption spectroscopy – The absorbance spectra were
measured with a Perkin-Elmer Lambda 950 UV-vis-NIR spectrophotometer. To determine the
optical band gap of the NCs, a polynomial function with gaussian peaks was fitted to the ab-
sorption spectra (software: Igor Pro).
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S3 Elemental analysis
S3.1 ICP-MS
To determine the absolute content of lead and caesium, five fractions were divided in four
parts. One was used to determine the absorbance in n-hexane. The three other parts were
throughly dried by a stream of nitrogen and digested with a mixture of 14 M HNO3 and 9.8
M H2O2 (ratio 5:1) and appropriately diluted before ICP-MS analysis with 0.14 M HNO3. Only
high-purity reagents were used during the analysis. Water was purified using a Milli-Q Element
water purification system (Millipore, France). Pro-analysis 14 M HNO3 (ChemLab, Belgium)
was further purified via subboiling distillation. 9.8 M H2O2 was obtained from Fluka, Belgium.
Y was added to all samples as internal standard (final concentration: 20 µg/L) and for external
calibration standard solutions with concentrations ranging between 0 and 75 µg/L of Cs and Pb
were used. These standard solutions were prepared by appropriate dilutions of 1 g/L single
element standard solutions (Instrument Solutions, The Netherlands). A Perkin Elmer Elan
DRC ICP-MS instrument (operated in standard mode) was used. Table S1 summarise the
obtained concentrations for Cs and Pb.
S3.2 RBS
The overall stoichiometry was determined by RBS. 10 mg/mL dispersions were spin coated
from n-octane on silicon substrates to yield NC layers of about 20 nm in thickness. During the
RBS measurements, a He+-beam of 1.57 MeV was used, while the scattering angle was set
at 166◦ and the sample tilt angle at 5◦. The beam current on the sample was about 20 nA and
the detector resolution was 17 keV.
The atomic ratios between the elements in the film are calculated from the areas under the
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peaks in Figure S3, corresponding to the element via the formula:
NA
NB
=
AreaA
AreaB
.
Z2B
Z2A
(S1)
The statistical error is a relative error which is calculated via this equation:
Error =
1√
NA
+
1√
NB
(S2)
The relative elemental ratios are summarised in Table 2 of the main manuscript.
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Figure S3: A) RBS spectra for spin coated (sample a) 5.8, (sample b) 8.3 and (sample d) 10.8
nm-sized CsPbBr3 NCs layers and B) Zoom-in NC signals with integration of the peak area.
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S4 Calculation of absorption coefficients
This section discussed the calculation of the light absorption coefficients in details, starting
from the elemental concentrations. Tabel S1 displays the mean concentration values for Cs
and Pb obtained by ICP-MS, while the bromide concentration cBr is obtained from the RBS
stoichiometry.
Table S1: The NC edge length d, mean concentration of caesium (cCs) and lead (cPb)
(determined by ICP-MS), RBS ratios and mean concentration of bromide (cBr). The ratios
indicated by * are inter/extrapolated from the RBS data.
d cCs cPb R(Br/Cs) R(Br/Pb) cBr
(nm) (mM) (mM) (mM)
10.8 6.89 ± 0.15 7.11 ± 0.28 3.00 2.87 20.5 ± 0.6
8.3 6.67 ± 0.13 7.02 ± 0.20 3.11 2.84 20.3 ± 0.5
7.3 2.24 ± 0.04 2.36 ± 0.03 3.16* 2.83* 7.03 ± 0.11
5.8 0.716 ± 0.007 0.831 ± 0.008 3.25 2.81 2.33 ± 0.02
4.1 0.751 ± 0.015 0.924 ± 0.007 3.34* 2.78* 2.49 ± 0.03.
Next, the CsPbBr3 volume fraction can be calculated by:
f = NAa
3 (φCs.cCs + φPb.cPb + φBr.cBr) (S3)
Here, NA denotes Avogadro’s number, a the lattice paramater for bulk CsPbBr3 crystals (0.587
nm), while the sum φCs + φPb + 3.φBr should be equal to 1. The volume fraction for caesium
is for example calculated from the ion radii by
φCs =
r3Cs+
r3Cs+ + r
3
Pb2+ + 3.r
3
Br−
(S4)
Table S2 summarises the ionic radii and the corresponding volume fractions for caesium, lead
and bromide.
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Table S2: The ionic radii and corresponding volume fractions for caesium, lead and
bromide in the CsPbBr3 unit cell.
ion radius r (pm) volume fraction φ
Cs+ 188 0.2149
Pb2+ 119 0.0545
Br− 196 0.2435
The intrinsic absorption coefficient and molar absorption coefficient are now calculated form
the absorbance A at 335 nm by Equations 2 and 5. The absorption measurements were done
three times for each sample to estimated the uncertainty. Table S3 displays the values for all
analysed samples and Table S4 contains the values at other wavelengths.
Table S3: The NC edge length (d) and mean concentration of CsPbBr3 (cCsPbBr3) calcu-
lated by equation S3. The corresponding mean UV-VIS absorbance (A) at 335 nm, the
intrinsic absorption coefficient (µi,335 nm) and the molar extinction coefficient (335 nm).
d fCsPbBr3 mean A × dilution µi,335 nm 335 nm
(nm) ×10−4 (cm−1) (× 105 cm−1) (cm−1M−1)
10.8 8.36 ± 0.23 58.3 ± 1.0 1.61 ± 0.12 0.042 ± 0.003 ×d3
8.3 8.24 ± 0.20 55.1 ± 0.9 1.54 ± 0.10 0.040 ± 0.003 ×d3
7.3 2.83 ± 0.04 20.0 ± 0.1 1.63 ± 0.06 0.043 ± 0.002 ×d3
5.8 0.998 ± 0.01 6.62 ± 0.11 1.63 ± 0.07 0.043 ± 0.002 ×d3
4.1 0.933 ± 0.008 6.59 ± 0.12 1.52 ± 0.08 0.040 ± 0.002 ×d3
mean: 1.59 ± 0.05 0.0420 ± 0.0004 ×d3
Table S4: The intrinsic absorption coefficient in the wavelength range 300-400 nm with
(relative) standard deviation (R)SD.
wavelength µi ± SD RSD (%)
(nm) (× 105 cm−1)
400 0.77 ± 0.08 10
350 1.38 ± 0.09 6.4
335 1.59 ± 0.05 3.3
320 1.90 ± 0.08 4.4
300 2.56 ± 0.11 4.4
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S5 Light absorption by ligands
While the standard deviation on the intrinsic absorption coefficient as determined for differ-
ently sized CsPbBr3 NCs is lowest at 335 nm, this may not be the most interesting wavelength
to analyze such disperions as oleic acid and oleylamine absorb light at 335 nm. To assess
the influence of ligand absorption, we first measured the absorbance of a 3 v% ligand solu-
tion, which amounted to 0.1 cm−1 at 335 nm and only 0.005 cm−1 at 400 nm. Combining
these figures with the volume fraction of ligands in the purified dispersions we used in this
study – volume fractions we could determine using NMR spectroscopy – it followed that lig-
and absorption only accounted for 0.45 % of the total absorbance at 335 nm. Hence, in such
dispersion, the contribution of the ligands to the light absorbance by the dispersion can be
safely neglected. In the case of crude reaction mixtures or ill-purified dispersions, however, it
is safer to use the intrinsic absorption coefficients at 400 nm to determine the volume fraction
of CsPbBr3.
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Figure S4: (A) X-ray diffraction pattern polydispers CsPbBr3 NC synthesis mixture (top spec-
trum) and the size-selective precipitated fractions of (sample a) 10.8, (sample b) 8.3 and (sam-
ple d) 5.8 nm in edge length. Spectra were recorded on drop casted layers and assigned ac-
cording to bulk CsPbBr3 (ICSD 29073), (B) The 1H NMR reference spectrum of 1-octadecene
in deuteroform (top) and 6.2 nm-sized CsPbBr3 NCs in deuterated toluene (bottom).
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Figure S5: Comparison of absorbance of CsPbBr3 NCs dispersions in n-hexane (full lines)
and toluene (dotted lines). The edge lengths are denoted at the right.
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